Social and economic policies are inextricably linked with population health outcomes in Europe, yet few datasets are able to fully explore and compare this relationship across European countries. The European Union Statistics on Income and Living Conditions (EU-SILC) survey aims to address this gap using microdata on income, living conditions and health. EU-SILC contains both cross-sectional and longitudinal elements, with nationally representative samples of individuals 16 years and older in 28 European Union member states as well as Iceland, Norway and Switzerland. Data collection began in 2003 in Belgium, Denmark, Ireland, Greece, Luxembourg and Austria, with subsequent expansion across Europe. By 2011, all 28 EU member states, plus three others, were included in the dataset. Although EU-SILC is administered by Eurostat, the data are output-harmonized so that countries are required to collect specified data items but are free to determine sampling strategies for data collection purposes. EU-SILC covers approximately 500 000 European residents for its cross-sectional survey annually. Whereas aggregated data from EU-SILC are publicly available [http://ec.europa.eu/eurostat/web/ income-and-living-conditions/data/main-tables], microdata are only available to research organizations subject to approval by Eurostat. Please refer to [http://epp.eurostat.ec. europa.eu/portal/page/portal/microdata/eu_silc] for further information regarding microdata access.
Data resource basics
The European Union Statistics on Income and Living Conditions (EU-SILC) survey is the only source of data on income, living conditions and some aspects of health and health seeking behaviours that covers all 28 European Union (EU) member states, as well as Iceland, Norway and Switzerland. EU-SILC is designed both as a generic resource to support ad hoc studies and as the formal mechanism to monitor progress on the 'Europe 2020' social inclusion targets, which aim to lift at least 20 million people out of poverty and social exclusion and to increase employment among those aged 20-64 to 75%. 1 EU-SILC has attracted growing attention from health researchers as it offers a means to study the health consequences of what are quite possibly the most significant social and economic changes seen in Europe since World War II, many of which may have implications for population health. 2 Starting in 2008, Europe witnessed the onset of the worst recession since the Great Depression in the 1930s, generating marked rises in unemployment, poverty and debt. 3, 4 Faced with faltering economies and demands from the 'troika' (European Union, European Central Bank, International Monetary Fund), many countries made deep cuts to social welfare and public health services. 5 Though prior studies have examined the relationship between macroeconomic conditions and health, 2, [6] [7] [8] [9] [10] [11] the consequences of these fiscal measures for the health of European citizens initially received little attention. Although several EU member states conduct regular national health surveys of their residents (e.g. Health Survey for England, Belgian Health Interview Survey), the questions and content of these surveys often vary, making it difficult to compare the effects of policies on European population health. Furthermore, such health surveys may lack detailed socioeconomic information at the individual or household level and those that are collected may vary. Yet comparable longitudinal and cross-sectional data are clearly necessary to understand how socioeconomic changes, macroeconomic policies or health interventions may affect European public health more broadly.
EU-SILC addresses this need. It incorporates annual health, demographic and socio-economic microdata for a sample of persons aged 16 years or older from 2005 and onwards. It combines cross-sectional and longitudinal elements to capture individual and household data on income, social exclusion and living conditions across Europe. This Data Resource Profile takes stock of EU-SILC's strengths and limitations, and proposes strategies that can address these limitations. It also reviews what has been done with the EU-SILC data and what might or might not be done in the future, from a public health standpoint. Finally, existing studies using EU-SILC have primarily used its cross-sectional element, reflecting the more limited scope of the longitudinal element. Therefore, although we will still describe sample design and measures in the longitudinal elements of EU-SILC, the primary focus of this Data Resource Profile will be on applications of its crosssectional elements.
Data resource area and population coverage
As noted above, EU-SILC covers the entire European Union, as well as Iceland, Norway and Switzerland, and includes respondents over the age of 16. However, it is important to note that the national surveys are not standardised. Each country is free to choose how to collect the data but must present them in accordance with a standard template and common outcomes, defined by Eurostat (output-harmoniszd). In practice this means that Eurostat specifies target social, economic, demographic and health metrics, but member states are free to determine how such data will be measured and collected.
The adoption of this output-harmonised framework means that there are typically three sources for EU-SILC data: (i) two or more existing national sources (surveys and/or registers); (ii) one or more existing national sources combined with a new survey; and (iii) a new harmonised survey solely to collect EU-SILC data. 12 Methods of data collection vary substantially, including computer-assisted telephone interview (CATI), computer-assisted personal interview (CAPI), paper-and-pencil personal interview (PAPI), self-administered questionnaires or proxyinterviews, often in combination ( Table 1) . The data are collected either at household or at individual level, according to Eurostat guidelines that describe clusters of variables. Variables at the household level include household size, composition and basic characteristics of household members. In addition, although income and other socioeconomic variables such as education and labour market position are collected at the individual level, they are aggregated into household-level variables. Variables solely at the individual level include health, access to health care, detailed labour force information, activity history and a calendar of activities. 12 Although sampling frames vary from country to country, they are designed to be nationally representative. Sampling designs vary markedly in their approach to clustering, stratification and weighting. According to the latest 2010 EU Comparative Final Quality Report, one of the following four approaches is employed for sampling design: stratified multi-stage sampling (AT, BE, BG, HR, CZ, FI, FR, IE, LV, NL, PL, PT, RO, SI, ES, UK); stratified random sampling (CY, DE, LU, MT, CH); simple random sampling (DK); and stratified and/or systematic sampling (EE, HU, NO, SE). As of present, information on sampling design is unavailable for 5 countries (GR, IS, IT, LT, SK) ( Table 1) . 13 Sampling units include the following: dwellings/ addresses (AT, HR, CZ, FR, DE, LV, LU, MT, PL, PT, RO, ES, UK), households (BE, BG, CY, EE, HU, IE, CH) or individuals (DK, FI, NL, NO, SI, SE). However, sampling units are also not available for the same five countries (GR, IS, IT, LT, SK) ( Table 1) . Thus, it is not possible to adjust with certainty for design when using data from the last group to calculate standard errors.
Stratification techniques also vary widely among countries. Unfortunately, although EU-SILC countries do report what stratification techniques were used, stratum indicators are not included with the dataset.
14 The inability to take account of stratification in statistical analyses complicates tests of statistical significance. The EU-SILC critique by Iacovou et al. 14 argued that EU-SILC should contain an anonymous stratum indicator to correct statistical estimates of confidence intervals. Non-response in EU-SILC is recorded at three stages of data collection: address contact, household interview and personal interview. EU-SILC guidelines dictate that total non-response of households must be below 40%, but non-response rates vary across EU-SILC countries. For example, Eurostat reported that, in 2010, household nonresponse rates varied from 11.2% (Bulgaria) to 44.0% (Luxembourg). 15 Where response rates were low (e.g.
Czech Republic), proxy interviewing and imputation techniques were employed. Finally, EU-SILC employs weighting to adjust for the probability that a particular demographic will be sampled and there is imputation of data to address item nonresponse. In some countries it has been possible to validate the weights using independent surveys containing similar variables.
In sum, there is considerable variation in the methods used to collect data from each country, reflecting the harmonisation of outputs rather than inputs. This is common with Europe-wide surveys, where member states are reluctant to undertake new surveys that may duplicate what is already being done.
Survey frequency
Survey implementation began shortly after Eurostat was given legal responsibility for EU-SILC in 2003, in an agreement between six countries: Belgium, Denmark, Ireland, Greece, Luxembourg and Austria. By 2005, EU-SILC data were released in a majority of the then EU-27 countries and, by 2011, all of these 27 EU countries had fully implemented them, as well as Croatia (which acceded to the EU in 2013), Iceland, Norway and Switzerland.
EU-SILC data are updated annually. The cross-sectional data for a given year are released in November of the following year. Longitudinal data covering a given year and the preceding 3 years are transmitted by March 2 years hence. Thus, although countries have different timelines for data collection, the consolidated 2014 cross-sectional EU-SILC data will be released in November 2015 and 2014 longitudinal EU-SILC data will be first made available in March 2016.
Longitudinal EU-SILC data include financial information as well as proxies for non-monetary deprivation, with individuals staying in the dataset for up to 4 years. Exceptions to this rule include France (nine rotational groups), Norway (eight rotational groups) and Luxembourg (traditional panel). 16 The use of rotating panels is designed to mitigate non-response issues and respondent burden while still allowing longitudinal analysis for health, economic and social trends in one's life. To ensure consistent statistical power, Eurostat identified a minimum effective sample size for both crosssectional and longitudinal components ( Table 2) . For the member states included in EU-SILC, the targeted sample size is 135 000 and 101 500 households for the cross-sectional and longitudinal components, respectively. EU-SILC documentation does not report minimum effective sample sizes for Switzerland. For a majority of countries, the minimum effective sample size was achieved for both the cross-sectional and longitudinal components of EU-SILC (see Table 3 ).
Measures
Although Eurostat does not employ a standardised survey instrument or data collection method, there is still an overarching framework specifying which types of self-reported data should be collected by each member state. A set of core demographic variables are collected every year and a set of additional variables are collected approximately every 5 years, or less in ad hoc modules. At the household level, the core variables consist of annually collected: (i) basic demographic data, such as country, year and household identifier; (ii) housing-specific data, such as housing conditions and ownership status; (iii) material deprivation, such as financial difficulties paying rent and ability to afford vacations; and (iv) income data, such as total household gross income and imputed rent.
At the individual level, EU-SILC primarily consists of annual: (i) basic demographic data, such as country, year of survey and personal identifier; (ii) education information, such as International Standard Classification of Education (ISCED) level attained; (iii) limited health data (self-reported health status, long-standing illness, limitation of activities, unmet need for medical and dental care, with reasons); (iv) labour force data, such as prior and current unemployment status; and (v) income data, such as cash and non-cash earnings (see Table 4 ). When applicable, data on individuals and households are linked to other routine sources, such as population registers containing year of immigration for every person living within a household. Some variables contained in the cross-sectional data are not available in the longitudinal data, including, importantly, unmet medical needs.
A supplementary set of measures are included in more detailed ad hoc modules on certain years. Table 5 ).
Data resource use
The next section reports some examples of previous uses for EU-SILC data identified from a structured literature search of PubMed using the terms 'Eurostat', 'EU-SILC' or 'European Statistics on Income and Living Conditions'. The literature search was conducted in January 2015.
Implications of macroeconomic policies and/or welfare regimes on health EU-SILC has been used to compare the health effects of economic and social policies in different countries. For example, differences in the redistributive aspects of tax policies mean that there is less income inequality in Nordic countries compared with more liberal welfare regimes in Ireland and the UK, potentially having implications for population health. 17 Indeed, studies have examined the association between labour force policies and health and the health consequences of the recent financial crisis. 18 Material deprivation Arrears on mortgage or rent payments; arrears on utility bills; arrears on hire purchase instalments or other loan payments; capacity to afford paying for one week of annual holiday away from home; capacity to afford a meal with meat, chicken, fish (or vegetarian equivalent) every second day; capacity to face unexpected financial expenses; house contains telephone or mobile phone; house contains colour television; possession of computer; possession of washing machine; car ownership status; ability to make ends meet; financial burden of total housing cost; financial burden of debt repayment; concern with crime or vandalism in neighbourhood; general living conditions (e.g. pollution, electricity problems) Income Total household gross income; total disposable household income (before benefits); within-household non-response inflation factor; imputed rent; income from capital investments; family/children/housing allowances; inter-household cash transfers paid/received; alimonies paid/ received; interest repayments on mortgage; income received by people aged under 16; regular taxes on wealth; tax on income and social contributions; repayments for tax adjustment; value of goods produced for consumption Individual-level data Basic demographics Year of survey; country; personal identifier; personal base weights; day/month/year of interview; length of interview; age of respondent; mother identifier; father identifier; spouse/partner identifier; marital status; country of birth; country of citizenship Education Current education activity; ISCED level currently attended; year when highest level of education was attained; highest ISCED level attained Health General health; suffer from any chronic (long-standing) illness or condition; limitation in activities because of health problems; unmet need for medical examination or treatment; main reason for unmet need for medical examination or treatment; unmet need for dental examination or treatment; main reason for unmet need for dental examination or treatment Labour Respondent has ever worked; respondent actively looking for a job; respondent available for work; self-defined current economic status; status in employment; occupation; number of hours worked per week; number of months spent at work; number of months unemployed or disabled; number of months spent studying; number of months in compulsory military service; number of months spent fulfilling domestic tasks; reason for working less than 30 h per week; type of labour contract; managerial position; change of job since last year and reason for change Income Cash or near cash income; employer's social insurance contribution; contributions to individual private pension plans; cash benefits or losses from self-employment; pension from individual private plans; unemployment benefits; disability benefits; disability benefits; gross monthly earnings for employees a higher coverage rate of unemployment benefits (i.e. portion of population eligible for benefits) is associated with better self-perceived health (Figure 1 ).
Access to medical care and unmet healthcare needs
Access to care is a key measure of health system performance. EU-SILC collects not only individual-level information on whether respondents perceive they have an unmet medical or dental need but also asks why unmet need exists: affordability, waiting times, work or family commitments, geographical distance, fear of medical professionals, desire to perform self-assessment, or lack of information on adequate medical professionals. For example, ChaupainGuillot and Guillot 24 used cross-sectional data from 2009 to show that there is a greater likelihood that a respondent will report an unmet medical or dental need within the past year in countries where a greater share of health expenditures comes from out-of-pocket payments.
Social and health inequalities across a socioeconomic gradient EU-SILC offers scope to understand disparities in health outcomes among individuals of varying socioeconomic status. Our review of literature using EU-SILC reveals that social and health inequalities are the most common topic for using EU-SILC data in population health research. [25] [26] [27] [28] [29] [30] [31] [32] For example, Falk et al. 
Strengths and weaknesses
With any dataset, it is important to recognise its advantages as well as drawbacks. One obvious strength is that the survey collects health and social exclusion outcomes that are comparable across all countries within the dataset. With an average coverage of approximately 500 000 European respondents in the cross-sectional survey every year, EU-SILC data provide a valuable resource to analyse European public health and social exclusion more broadly. This goes beyond what was collected in the earlier European Community Household Panel (ECHP), which provided data on income and living conditions for only 14 European countries. This is in part due to the output-harmonisation framework established by Eurostat. Second, the rich portfolio of socioeconomic information available in EU-SILC makes it possible to understand disparities in public health outcomes at a much more granular level than most other datasets. Beyond basic economic information such as employment status, EU-SILC also addresses expenditure, job search activit, and welfare benefits, among other topics. Lastly, EU-SILC also contains a longitudinal element that provides an opportunity to track time-varying trends. This longitudinal element can offer scope for insights not available from repeated cross-sectional surveys. Perhaps more important, however, are some of the drawbacks of EU-SILC for public health research. Although it is impossible to construct a dataset free of limitations, consideration of the following issues should inform its future development for health-related research.
General data quality
As EU-SILC contains information on 31 European countries while not using a standardised survey, this information has been subjected to extensive quality checks. There are, however, some remaining problems. For example, information on the primary sampling unit, from which households and individuals are drawn, is missing in five countries in the EU-SILC cross-sectional dataset. There are missing primary sampling units in the EU-SILC longitudinal dataset as well, although it is possible to infer cluster indicators from previous years for which data are available in most cases. 16 Although most countries use stratification techniques, the stratum indicators are not included with the dataset. 16 The inability to properly take into account clustering or stratum indicators can compromise estimation of standard errors and certainty within empirical models. More common weaknesses that we have identified when using the EU-SILC dataset are miscellaneous non-item responses, such as cash earnings.
Detail of health outcomes and metrics
As shown in Table 4 , the health data collected are limited, with no data on many aspects of healthcare utilization (e.g. number of GP or specialist visits in the past year) or specific prior health diagnoses (e.g. acute myocardial infarction). All health variables reported in EU-SILC are self-reported, risking the possibility of recall and response biases. Furthermore, some countries that use pre-existing registers (e.g. Denmark) only collect health data from a selected sub-sample of individuals, substantially limiting the total sample for any health-related analysis.
Linkage between cross-sectional and longitudinal components
Health data in the longitudinal component are even more limited than in the cross-sectional element, excluding unmet medical need and reasons for it. Any longitudinal study design that assessed unmet need would require some type of linkage between cross-sectional and longitudinal elements. However, because cross-sectional and longitudinal components are packaged separately, linkage can only be achieved by probabilistic matching. Clearly, it would be preferable to have a unique identifier that is included in both cross-sectional and longitudinal elements.
Representativeness of samples in select countries
Although a majority of countries within EU-SILC contain nationally representative data, there are several notable exceptions: Germany, Spain and Ireland. Until 2008, Germany used quota samples to ensure inclusion of certain disadvantaged groups, which meant that population information was not nationally representative. 33 Furthermore,
Germany has yet to publish longitudinal data within 
